Nodular amyloidomas (NA) of the lung are nonneoplastic inflammatory nodules containing eosinophilic amyloid deposits and a lymphoplasmacytic infiltrate. In some instances, the extensive amyloid deposits may obscure an underlying lymphoproliferative disorder. The histologic and immunohistologic features that discriminate these two differential diagnostic possibilities were studied in this series of six cases of NA and five cases of primary low-grade malignant lymphomas of lung with secondary amyloid deposits (ML). Two of lymphoma cases showed histopathologic and immunophenotypic features of B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma (B-cell CLL/SLL), and three cases were low-grade B-cell lymphoma derived from mucosa associated lymphoid tissue (MALT lymphoma). Key discriminating morphologic features between NA and ML included lymphatic tracking of the cellular infiltrate (3/5 ML; 1/6 NA), pleural infiltration (3/5 ML; 0/6 NA), sheet-like masses of plasma cells (5/5 ML; 0/6 NA) and reactive follicles (4/5 ML; 1/6 NA). Lesional circumscription, vascular and bronchial destruction, lymphoepithelial lesions, and granulomas were not helpful discriminators. Immunohistochemical features indicating a dominant CD20؉, CD79a؉ B-cell population (5/5 ML; 0/6 NA), light chain restriction (4/5 ML; 0/6 NA), and aberrant antigen expression of CD20/CD43 (2/5 ML; 0/6 NA) were helpful. Amyloid tumors with a reactive lymphoplasmacytic infiltrate can be separated from low-grade malignant lymphomas utilizing both histologic and immunohistochemical features.
Three forms of pulmonary amyloidosis have been recognized in the literature: diffuse alveolar septal, nodular, and tracheobronchial (1) (2) (3) (4) . The most common form is nodular amyloidosis, a rare condition with a good prognosis that usually presents in older individuals as asymptomatic nodules identified on routine chest x-rays. Histologically, nodular amyloidomas are well-circumscribed consolidated masses of dense, amorphous eosinophilic amyloid, often associated with a modest inflammatory cell infiltrate, consisting of clusters of plasma cells and lymphocytes with an occasional granulomatous reaction to the amyloid. Calcification and metaplastic ossification are common. The cause of these nodular amyloidomas is unclear although it has been hypothesized that they represent a reaction to chronic inflammatory conditions affecting the lung, such as connective tissue disorders, tuberculosis, or HIV infection (5) (6) (7) . Amyloidomas are also associated with systemic lymphoproliferative disorders and plasma cell dyscrasias, primarily multiple myeloma, and lymphoplasmacytic lymphoma (8, 9) . These individuals usually have amyloid deposits as a result of serum lambda light chains depositing within the pulmonary parenchyma with kappa light chains occurring less frequently in contrast to most B-cell malignancies (10, 11) . Still other patients have primary pulmonary lymphomas with amyloid production, and it is in this group that morphologic confusion with nodular amyloidoma occurs. To better highlight the characteristics that distinguish nodular amyloid from primary pulmonary lymphomas with amyloid deposits, we undertook a study of the histologic and immunohistochemical features that allow discrimination of these three differential diagnostic possibilities.
MATERIALS AND METHODS
The surgical pathology files of the University of Pittsburgh Medical Center and the consultation files of one of the authors (SAY) were reviewed for all cases of amyloid involvement of the lung. Twelve cases with nodular amyloidosis were identified; however, only six cases were diagnosed by open lung biopsy and had sufficient material available for subsequent studies. Three cases of primary pulmonary lymphoma with amyloid deposits were identified and were supplemented by two cases obtained from Mayo Clinic, Scottsdale, Arizona. Clinical information was obtained from accompanying surgical pathology reports and the patients' medical records. In addition, follow-up questionnaires were completed by referring pathologists and primary care physicians. No patient with nodular amyloidoma developed a lymphoproliferative disorder, and all cases of pulmonary lymphoma presented with lung involvement exclusively. All patients were alive and well at last contact with their physicians.
For conventional light microscopic examination, formalin-fixed, paraffin-embedded 4-m tissue sections were stained with hematoxylin and eosin. Congo red stains were performed and a diagnosis of amyloid was confirmed in all cases by apple green birefringence under polarized light examination. The following histologic features were evaluated: circumscription of lesion, lymphatic tracking, and the presence of pleural, blood vessel, and bronchial invasion by the mononuclear cells, lymphoepithelial lesions, secondary follicles, granulomas/giant cells, plasma cell infiltrates as small aggregates (less than 20 cells) or broad sheets, cytologic features of the lymphocytes, and Dutcher bodies.
Immunophenotyping was performed with the commercially available antibodies described in Table 1 using an automated immunostainer (Ventana Medical Systems, Inc.; Tucson, AZ) and applying previously described methods (12) . Heat-induced antigen retrieval was performed using microwave technology. Appropriate positive and negative controls were performed.
Lymphomas were classified according to morphologic and immunophenotypic features described in REAL classification (13) . B-cell chronic lymphocytic leukemia/small lymphocytic lymphomas (CLL/SLL) were composed predominantly of small round lymphocytes with clumped chromatin with occasional larger lymphoid cells usually clustered as pale proliferation centers. Lymphoma cells of B-cell CLL/SLL showed weak surface immunoglobulin positivity (usually IgM) and B-cell associated antigens (CD19, CD20, CD79a), CD5ϩ, CD10Ϫ, CD23ϩ, and CD43ϩ (13) .
Low-grade B-cell lymphoma of MALT type in REAL classification is recognized as an extranodal counterpart of marginal zone B-cell lymphoma (13) . Histologically, these lymphomas are characterized by cellular heterogeneity, including marginal zone (centrocyte-like) cells, small lymphocytes, monocytoid lymphocytes, and plasma cells. Reactive follicles are often present. Lymphoma cells express surface immunoglobulin (IgM more often than IgG), B-cell associated antigens (CD19, CD20, CD79a), and they are CD5Ϫ, CD10Ϫ, CD23Ϫ, CD43Ϯ (13). Table 2 summarizes the clinicopathologic features of the 11 patients in this study. Of the six patients with nodular amyloidoma, three were women and three were men, with ages ranging from 25 to 65 years (mean, 55 years). Chest radio- graphs revealed multiple nodules in three cases, a solitary pulmonary nodule in one case, subpleural pulmonary parenchymal nodules with pleural thickening in one case, and multifocal pneumonic infiltrates in the last case. At low magnification, all nodular amyloidomas demonstrated wellcircumscribed masses of dense amorphous eosinophilic material with the histochemical and tinctorial properties of amyloid. The central mass of amyloid like material was relatively paucicellular, with a predominant mononuclear infiltrate present at the periphery of the lesion (Fig. 1 ). Lymphatic tracking of the mononuclear cells at the edge was seen in only one of the six cases and was characterized by dense aggregates of lymphocytes circumferentially enveloping pulmonary veins and lymphatics within the pleura, interlobular septa, and bronchovascular bundles. Amyloid deposits were seen within the walls of blood vessels and airways in 33% of cases, with such involvement associated with a mural mononuclear inflammatory cell infiltrate (Fig. 2) . A granulomatous reaction was seen in four of six cases (67%) and typically consisted of masses of giant cells surrounding amyloid deposits (Fig. 3) . Reactive lymphoid follicles with germinal centers were observed in only one case (17% Of the five patients with primary pulmonary lymphoma, four were female and one was male, with ages ranging from 70 to 79 years (mean, 75 years). Chest radiographs demonstrated solitary pulmonary nodules in two cases and multiple bilateral pulmonary nodules in three instances. At low magnification, the nodules were well circumscribed; however, lymphatic tracking was identified in 60% (three of five) of cases with the mononuclear infiltrate cuffing pulmonary veins and lymphatics (Fig.  4) . The lymphoid infiltrate showed a more even distribution throughout the nodule than that seen in nodular amyloidomas (Fig. 5) . Vascular wall infiltration was seen in 80% of cases (four of five) and pleural and bronchial wall infiltration was noted in three of five (60%) cases (Fig. 6) . Amyloid was present within the consolidated pulmonary parenchyma and walls of vessels and airways, and was associated with a non-necrotizing granulomatous component in 80% (four of five) of cases.
RESULTS
The primary pulmonary lymphomas showed two distinct cytomorphologies: three cases had cytologic features of a mucosa-associated lymphoid tissue type (MALT) lymphoma and two cases showed features of B-cell chronic lymphocytic leukemia/ small lymphocytic lymphoma (Fig. 7) . In the former, the lymphoid infiltrate consisted of an admixture of small round lymphocytes, monocytoid lymphocytes, plasma cells, and centrocyte-like (marginal zone) cells. In the small lymphocytic lym- 
M, male; F, female; B-cell CLL/SLL, B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma; MALToma, low-grade B cell lymphoma derived from mucosa associated lymphoid tissue; SL, small lymphocytes; ML, monocytoid lymphocytes; PC, plasma cells; LEL, lymphoepithelial lesion; GC, germinal centers. phomas, the infiltrate largely consisted of small round lymphocytes, plasmacytoid lymphocytes, and plasma cells. In both lymphoma subtypes, sheets of plasma cells were recognized. No Dutcher bodies were seen in any case, although Russell bodies were seen in two cases. In 80% of cases, reactive germinal centers with marginal zone expansion were identified. Lymphoepithelial lesions were identified in only one case. Table 3 shows the immunohistochemical results of the study of the lymphomas. In nodular amyloidoma, the lymphocytic infiltrate contained a predominant population of T cells, which stained strongly for CD3 and CD5 with a minor subset of CD20ϩ B cells. No coexpression of CD20 and CD43 by lymphocytes was identified. CD21 stains highlighted an interconnecting meshwork of follicular dendritic cell processes in 60% of cases associated with CD10 positive follicular B cells. CD138, a plasma cell marker, showed aggregates of plasma cells in 33% of cases. No sheet-like distributions of plasma cells (more than 20 cells) were identified. Immunostains for kappa and lambda light chain failed to show evidence of a clonal population.
The primary pulmonary lymphomas contained a dominant B-cell population, demonstrated best with antibodies to CD79a, and associated with a FIGURE 1. Amyloidoma: Sharply demarcated dense amyloid deposits in the lung parenchyma and blood vessels were associated with a scant lymphoplasmacytic infiltrate that was more prominent at the periphery of the nodule than in its center (hematoxylin and eosin stain, original magnification, 16ϫ). FIGURE 2. Amyloidoma: Amyloid deposits were seen within the walls of blood vessels, accompanied by a granulomatous reaction (top), as well as within the walls of airways (bottom) where it was associated with osteocartilaginous metaplasia (hematoxylin and eosin stain, original magnification, 40ϫ). minor CD3 positive T-cell infiltrate. In the two cases classified as B-cell CLL/SLL and MALT lymphoma, coexpression of CD20 and CD43 was seen in the neoplastic lymphocytes. Follicular dendritic cells were identified with CD21 immunostaining in 60% of cases, and these areas were associated with focal expression of CD10 by follicular center type B cells. CD138 showed broad zones of positive cells consisting largely of plasmacytoid lymphocytes and mature plasma cells. Neoplastic lymphocytes and plasma cells in two cases showed restricted IgM kappa expression, and in two cases showed IgG lambda expression. One case failed to show lightchain restriction.
Cyclin D1 immunostains were performed on these cases but were very difficult to interpret because of the unusually high background related to amyloid deposits and serum leakage.
DISCUSSION
Lymphoproliferative diseases affecting the lung occur over a broad clinical and pathologic spectrum. Most primary pulmonary lymphomas derive from the bronchus-associated lymphoid tissue (BALT) and have a B-cell phenotype (14, 15) . These lymphomas may contain amyloid deposits, but this finding is extremely rare, occurring in less than 1% of cases. Amyloid more often deposits in the lung independent of lymphoplasmacytic neoplasms, usually in the form of nodular pulmonary amyloidosis with bilateral multiple nodules occurring in an elderly individual (Table 4) . In some instances, such nodules may relate to preexisting chronic inflammatory conditions or may be associated with autoimmune conditions such as Sjögren's syndrome. The histologic overlap between nodular amyloidoma and malignant lymphomas associated with amyloid raises questions about distinctive histologic and immunohistochemical characteristics, which can be used to separate the two.
In this study, we analyzed clinicopathologic, histologic, and immunohistochemical features of six cases of nodular amyloidosis and five cases of low grade B-cell lymphomas associated with amyloid deposits. Several histologic features allowed some discrimination between the two entities. First, patients with low-grade lymphoma tended to demonstrate lymphatic tracking at the edge of the amyloid mass, and tended to have intense lymphoid infiltrates that did not show a significant intensity gradient from the center of the mass to its periphery. Vascular and bronchial wall infiltration, although suggestive of lymphoma, was seen in cases of nodular amyloidoma (16, 17) . Pleural infiltration, however, was exclusively limited to the lymphomas (18, 19) . Whereas the amyloidomas contained scattered plasma cells and small round lymphocytes, the lymphomas tended to have either a monotonous population of small round lymphocytes with plasma cell differentiation or the characteristic heterogeneity of MALT type lymphomas with small round lymphocytes, centrocyte-like cells, monocytoid lymphocytes, and plasma cells. In the lymphomas, there was often seen a sheet-like distribution of uniform plasmacytic elements forming broad sheets (greater than 20 cells in aggregate), in contrast of the cases of nodular amyloid. Germinal centers were more often associated with lymphomas than with nodular amyloidoma. The presence of non-necrotizing granulomatous inflammation was not helpful distinguishing feature.
The immunohistochemical analysis of these 11 cases revealed several interesting features. First, the immunophenotypic identification of a B-cell lymphoma is relatively straightforward if the composition of the neoplasm is monomorphic. However, if the cellular composition is heterogeneous and includes many reactive cells, immunophenotyping can be more difficult. One of the classic antigens used to detect B-cell lineage with great specificity and sensitivity is CD20 (20) . In our study, we found the detection of B cells by CD20 to be surpassed by CD79. This is consistent with previous studies showing that the major advantage of CD79 over CD20 is reactivity with normal and neoplastic B cells at all stages of differentiation from early B cells to plasma cells (21) . The identification of the B-cell infiltrate was helpful in alerting the diagnostic pathologist of the potential for amyloid deposits to be due to a coexistent malignant lymphoma because B cells dominated in the lymphoma cases and were overwhelmed by the T-cell component in nonneoplastic amyloidomas. Second, the CD138 antibody is extremely helpful in accentuating the plasma cell component in lymphomas and nodular amyloidoma. CD138 highlights the sheet-like distribution of plasma cells in the malignant lymphoproliferative disorders, a finding that is inconspicuous in cases of nodular amyloid and appears to be very specific for low grade B-cell lymphomas of the lung (22) . Third, the use of both CD43 and CD20 was helpful in two cases in which the pattern of immunostaining reflected aberrant coexpression of these two antigens and provided further support for the diagnosis of malignant lymphoma (23, 24) .
In addition to excluding malignant lymphoma, nodular amyloidosis needs to be discriminated from pulmonary hyalinizing granuloma (Table 5 ) (25) . Clinically, there is great overlap between these two entities, although patients with hyalinizing granuloma tend to have a history of exposure to histoplasma or tuberculous antigens. The chest x-rays in both conditions may show solitary or multiple pulmonary nodules. Histologically, hyalinizing granulomas are composed of thick, acellular, whorl-like deposits of lamellar collagen that are Congo-red negative. This material needs to be discriminated from the waxy, amorphous eosinophilic material that is characteristic of amyloid and stains Congo-red positive.
It is worthwhile to highlight some of the technical difficulties experienced during our study of these cases. First, in our hands, antibody evaluation of the different types of amyloid was very difficult to interpret and often associated with a high background. This precluded assessment of whether the amyloid was related to plasma cell dyscrasias, inherited disease, or chronic inflammation. Second, the involvement of blood vessels by amyloid resulted in high background for our immunostains, possibly as a result of excessive leakiness. For some antibodies, interpretation was extremely difficult, including the identification of Cyclin D1.
